We investigate the electrodynamic coupling between auroral omega bands and the inner magnetosphere. The goal of this study is to determine the features to which omega bands map in the magnetosphere. To establish the auroralmagnetosphere connection, we appeal to the case study analysis of the data rich event of September 26, 1989. At 6 magnetic local time (MLT), two trains of Ps6 pulsations (ground magnetic signatures of omega bands) were observed to drift over the Canadian Auroral Network For the OPEN Program Unified Study (CANOPUS) chain. At the same time periodic ionospheric flow patterns moved through the collocated Bistatic Auroral Radar System (BARS) field of view. Similar coincident magnetic variations were observed by GOES 6, GOES 7 and SCATHA, all of which had magnetic foot points near the CANOPUS/BARS stations. SCATHA, which was located at 6 MLT, 0.5 R• earthward of GOES 7 observed the 10 rain period pulsations, whereas GOES 7 did not. In addition, DMSP F6 and F8 were over-flying the region and observed characteristic precipitation and flow signatures. From this fortunate constellation of ground and space observations, we conclude that auroral omega bands are the electrodynamic signature of a corrugated current sheet (or some similar spatially localized magnetic structure) in the near-Earth geostationary magnetosphere. 14,705
Introduction
Omega bands are auroral luminosity and current structures which characteristically appear as rows of inverted (if "up" is north) •-shaped dark patches extending south into the diffuse aurora. Omega bands generally appear during substorm recovery phase in the morning sector auroral zone. They range in sizes from hundreds to a thousand kilometers and drift eastward with a velocity of about I kin/s, producing an associated period of about 10-20 minutes. Ps6 pulsations are 10-20 min. quasi-periodic signatures in the east-west ground magnetic field, that appear during substorm recovery phase on the morning side. It is now well known that auroral omega bands and Ps6 pulsations are the manifestation of the same phenomenon. The bright • band auroral patches are caused by electron precipitation, and the set of Ps6 pulsations are generated by the associated current system. The correspondence between auroral features measured from the ground (including omega bands), and their signatures measured in the magnetosphere has been an area which has received a lot of attention over the past 25 years. Akasofu et al. [1971] originally suggested that auroral • bands (and surges), which he measured at the poleward edge of the auroral bulge, could be ripples on the surface of the plasma sheet which map to the auroral zone. This initial supposition was followed by other studies that sought empirical relationships or theoretical justification for the genesis of omega bands. Kawasaki and Rostoker [1979] proposed an ionospheric current system responsible for Ps6 pulsations. Their model for a spatially varying current had essentially two options: a region of enhanced electric field drifting eastward, or a region of high electron precipitation drifting eastward. They proposed the later mechanism, since that could link Ps6 pulsations with the luminosity variation of auroral omega bands which have similar drift velocity and occurrence frequencies. Rostoker and Barichello [1980] surveyed the diurnal and seasonal occurrence rate of Ps6 pulsations. They found that the occurrence rate of Ps6 varied in such a way as to be most common between 4 and 6 local time (LT), and approximately twice as frequent in April through August as in October through February. They noted that April through August are the months where the ambient southeastward electric field is strongest in the morning side. Thus this asymmetry supports the theory that the current structures are produced by highconductivity regions drifting into the ambient electric field on the dawn side, rather than patches of enhanced electric field. Based on their physical model one would expect this result to apply to the northern hemisphere, and the inverse relation to the southern hemisphere (twice as frequent in October through February as April through August). As far as we know, this has not yet been tested experimentally.
Attempts to relate omega bands to magnetospheric phenomea are exemplified in the work of Rostoker and Samson [1984] . They presented a substorm model which attributed Ps6 pulsations/• bands to a Kelvin-Helmholtz instability (KHI) between the tailward flow in the low-latitude boundary layer (LLBL) and the earthward flow in the central plasma sheet (CPS) on the dawn side. In their model the westward traveling surge was attributed to the evening side LLBL/CPS interface, and the asymmetry between them was attributed to the corotation that is dominant in the inner magnetosphere.
As empirical magnetic field models improved, direct mapping of auroral structures to the magnetosphere were attempted. Pulkkinen et al. [1991] used the Tsyganenko [1989] (T89) empirical magnetic field model to map auroral omega bands and Ps6 events to the equatorial plane. They found that the features map to between 6 and of 13 RE between 2 and 7 MLT. These mappings did not include any field-aligned currents that are known to be strong in these regions nor was there any coincident magnetospheric observations to constrain or test the mappings. Nevertheless, these mappings indicated a near-Earth source of omega bands within the magnetosphere. With the realization that the omega band aurora could not possibly map to the LLBL, Connors and Rostoker [1993] concluded that omega bands are generated at Common to all these papers is the limitation that all omega band/Ps6 features have been observed only on the ground (or by spacecraft auroral imagers which is qualitatively the same thing). At most, a magnetospheric source location has been inferred through simple magnetic mappings. In this paper we present an event in which the Ps6 pulsations are observed both on the ground and in the equatorial plane of the magnetosphere, inside of geostationary orbit. We find that the current systems connecting the auroral ionosphere with the magnetosphere close inside of geostationary orbit. It is interesting to note that over the last 20 years the presumed location of the magnetospheric source of • bands has undergone a similar earthward motion as the presumed location of substorm onsets.
Data Set/Observations
For this study, we focus on an event that occurred on September 26, 1989. At the time, Kp was 5, and the magnetosphere was in the main phase of a magnetic storm, Dst was-75 nT, and the storm reached a minimum of-150 nT. The Ps6 event occurred around 1200 UT on this day, as indicated by the vertical dotted line in Figure 1 , during a short, partial Dst recovery, and during the recovery phase of a multiple onset substorm. Figure 2 gives a synoptic view of all the data sources used for this event. We used magnetic field data from GOES 6 At Pinawa station (6.2 ø to the south of Gillam station), three wave periods were observed between 1215 and 1250. The positive peaks in the Y component occurred at 1220, 1235 and 1247 UT. The Pinawa riometer observed the same three peaks. Note that the Pinawa signatures contain only positive field deflections in the Y and Z components, whereas Gillam sees bipolar pulsations. At Pinawa the wave period seems to be decreasing with time. We note that, despite many data dropouts, the centrally located Island Lake station sees The magnitude of the magnetic field seen at SCATHA is more or less constant throughout the same time period (see Figure 5 ). However, the individual components vary in such a way that field line rotations occur between divole-like (when Br is small) and tail-like ........................  ......  ..... ........................................... Figure 9 . We have produced a snapshot (for 1230 UT) of the ionospheric flows at the latitude of the BA•S array from the assumption that the flows measured by BA•S are really a fixed structure drifting through the field of view with a velocity alternating northward and southeastward flows. Note also the very strong southeastward flow at 335 degrees longitude, which correlates very well with the dips in GOES 7 B• and B• (see Figure 4 ). north, and were therefore not seen in the geostationary magnetometer data.
Discussion
In the preceding section we have presented an impressive array of data from the ground and space from many different types of instruments. In this section we use these data to establish the critical linkage between the aurora/ionosphere and equatorial magnetosphere that were not tenable in previous studies. In the three panels of Figure 10, we have overplotted the ground magnetometer signatures (scaled and offset) (1) the omega bands are not actually confined within this flow region; (2) the flow region moved northward between the longitude of DMSP and the longitude of SCATHA; or (3) the magnetic field model used (T89 with Kp = 5+) is not capable of describing the field, and thus not capable of accurately mapping the spacecrafts to the ground. We favor the latter, since examination of the magnetic field on SCATHA and GOES 7 suggests a field geometry much more stretched than the model is capable of describing. A more stretched field would result in mapping the satellite foot points to a lower latitude. 
Conclusion

Omega bands map in this case to near (both inside and outside) geostationary in the equatorial plane.
This agrees somewhat with the T89 model for maximum stretching, even though it is evident that the field at the location of SCATHA and especially GOES 7 is even more stretched than the model can produce (a positive Br indicates a stretching when we are above the magnetic equator). Also, at the location of SCATHA, the field appears to vary between dipolar, and very stretched with a period of 10 min, suggesting a highly distorted and dynamic field geometry adjacent to a quiet and stretched field. The mapped positions of GOES 7 and SCATHA suggest that the field shows signs of a tail-like (or highly stretched) geometry at 6 MLT. Such configurations have been observed before but only routinely discussed in the context of severe growth phase stretching just prior to onset near 00 MLT [Fennell et al., 1996] .
We suggest that omega bands map to near geostationary orbit into a source location where large-scale MHD waves propagate in some yet to be determined boundary. The boundary could be interpreted as the sharp inner edge of a very intense disk current at the equator, although this conclusion is not necessarily unique. The waves produce large-amplitude field rotations, which in [1991] has suggested a similar source region, but based only on simple empirical magnetic field mappings. As such, present theories that have described f• band wave generation in the magnetosphere will now have to be reinvestigated in light of a very different particle and field regime than traditionally considered. These aspects of this interesting new set of observations are the focus of a future study.
